V enous thromboembolism (VTE) is manifested as deep vein thrombosis (DVT) and pulmonary embolism (PE). DVT and fatal or nonfatal PE are the third most common cardiovascular diseases after myocardial infarction and stroke (Gloviczki & Yao, 2001) . VTE is one of the most common clinical conditions in hospitalized patients, and PE is the most common preventable cause of hospital death in the United States (White, 2003) . VTE occurs in approximately 100 people per 100,000 annually in the United States and increases exponentially, with 500 cases per 100,000 people at age 80 and older (White, 2003) . Increasing age is identified as an independent risk factor for VTE, in addition to hospitalization (Sellier et al., 2006) . The hospitalized older adult population is increasing along with the overall aging of the U.S. population (Kucher et al., 2005) . VTE is often underdiagnosed in older adults because of atypical symptoms of DVT/PE in older patients (Spyropoulos & Merli, 2006) .
Despite the availability of evidencebased recommendations on VTE prevention by the American College of Chest Physicians (ACCP) (Geerts et al., 2004 (Geerts et al., , 2008 , hospital compliance with VTE prevention guidelines using pharmacological and/or mechanical prophylaxis remains low in all hospitalized patients (Cohen et al., 2008; Yu, Dylan, Lin, & Dubois, 2007) .
There has been little research on VTE prevention and its clinical outcomes (e.g., bleeding, mortality after VTE) specifically focused on older hospitalized patients who are at risk for VTE. The purpose of this study was to describe and compare prevention practices and clinical outcomes in older versus younger hospitalized patients at risk for or diagnosed with VTE.
ule on VTE prophylaxis, and evaluated the effectiveness of the tools on improving clinical and system outcomes for patients at risk for or diagnosed with VTE. The VTE Safety Toolkit consists of VTE prevention guidelines based on ACCP recommendations (Geerts et al., 2008) , DVT/PE diagnostic algorithms, and treatment guidelines for acute VTE (Zierler et al., 2008) . The VTE Safety Toolkit has been disseminated nationally via the AHRQ's patient safety website at http://www.ahrq.gov/qual/pips/ grants.htm. The methods of the parent study were described in detail elsewhere (Lee & Zierler, in press) .
During the study period from October 1, 2005 to March 31, 2006, data were reviewed on patient demographics, risk factors for VTE, use of VTE prophylaxis, and treatment of VTE for patients age 18 and older who were referred to undergo a diagnostic test to rule out VTE at an academic medical center. This study used retrospective medical chart reviews to describe the current practices on VTE prevention, treatment, and clinical outcomes in patients with suspected VTE, and particularly focused on older inpatients.
The radiology electronic database at the academic medical center was used to identify patients with suspected VTE. All patients (age 18 and older) who were referred for lower extremity venous duplex ultrasonography to rule out DVT, and ventilation and perfusion scanning (V/Q scan) or computed tomographic angiography (spiral CT) to rule out PE were included in this study. Retrospective reviews of medical records for 660 consecutive hospitalized patients (age 18 and older) referred to the vascular or radiology laboratories during the study period were conducted. All inpatients suspected for VTE were classified by different age categories: older (age 65 and older) versus younger (ages 18 to 64), as well as four age categories: ages 18 to 40, 41 to 64, 65 to 79, and 80 and older.
Clinical data included patient demographic data, risk factors for VTE, VTE prophylaxis methods (including pharmacological and mechanical compression devices), VTE treat-ment methods, and clinical outcomes associated with VTE (i.e., bleeding events within 3 months after anticoagulation therapy, mortality within 3 months after VTE diagnosis). Sixteen of 138 patients who were diagnosed with VTE did not have any followup data available, but the remaining patients diagnosed with VTE were followed for a minimum of 3 months.
Risk factors for VTE included prior DVT/PE, cancer, recent surgery within 4 weeks, cardiac disease, limb trauma, hormone therapy including either hormone replacement therapy or oral contraceptives, pregnancy or postpartum, morbid obesity (body mass index >40), prolonged travel (>6 hours), inherited or acquired thrombophilia, and a family history of VTE.
VTE prophylaxis included pharmacological prophylaxis using anticoagulant agents and mechanical prophylaxis. Pharmacological prophylaxis included low-dosage unfractionated heparin (UFH), low molecular weight heparin (LMWH), or warfarin (e.g., Coumadin ® ). Aspirin was not included for VTE prophylaxis as it was not recommended by the ACCP Consensus Panel as a VTE prevention method (Geerts et al., 2008) . Mechanical prophylaxis included sequential compression devices or graduated compression stockings. The use of anticoagulation for reasons other than VTE prevention, such as for patients receiving anticoagulant agents to manage their underlying medical conditions (e.g., atrial fibrillation)
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Journal of GerontoloGical nursinG • Vol. 36, no. 4, 2010 was also considered in the analyses to assess whether adequate dosages of anticoagulant agents were used to prevent VTE. Patients undergoing anticoagulation treatment for known cardiac disease were also at risk for VTE if they were not adequately anticoagulated, and they were included in the study. Acute DVT was diagnosed by venous duplex ultrasonography, which is the current test of choice for the diagnosis of DVT (Zierler, 2004) . PE was diagnosed by either spiral CT or V/Q lung scanning.
Four trained research assistants abstracted data from electronic medical records, and a lead researcher (J.-A.L.) who was well experienced in VTE research reviewed the quality of data abstracted.
Data Analysis
Categorical variables were expressed as frequencies and percentages and continuous variables as means with standard deviations or medians 
RESULTS

Demographic and Clinical Characteristics
Age was shown by either younger (ages 18 to 64) or older (age 65 and older) adult inpatients and was then divided into four discrete groups: ages 18 to 40, 41 to 64, 65 to 79, and 80 and older.
The demographic and clinical characteristics of patients with suspected VTE according to age group are shown in Table 1 . A total of 660 adult inpatients (age 18 and older) underwent a diagnostic test to rule out VTE: 450 younger adults (ages 18 to 64 years, 68.2%) and 210 older adults (age 65 and older, 31.8%). The mean age of all inpatients was 56 (SD = 17 years, age range = 18 to 99). The mean age of older inpatients was 75 (SD = 8 years).
Women comprised approximately 66.7% of the oldest age group (age 80 and older, p < 0.001). Older inpatients (ages 65 to 79) had the longest median length of hospital stay (10 days, p = 0.002). The mean number of risk factors for VTE was significantly highest in the older adult group (ages 65 to 79) compared with other age groups (mean = 1.63, SD = 1.0, p < 0.001). Older inpatients (age 65 and older) were more likely to have cardiac disease (p < 0.001) or limb trauma (p = 0.003) than younger adult inpatients (ages 18 to 64).
VTE Prophylaxis
The types of VTE prophylaxis used in inpatients with suspected VTE are presented in Table 2 . Both pharmacological and mechanical prophylaxes were used in approximately 38.1% of older inpatients and 27.8% of younger inpatients.
Mechanical prophylaxis, including graduated compression stockings and/or sequential pneumatic compression devices, were applied in 48.1% of older inpatients and 40.2% of younger inpatients prior to the diagnosis of VTE. Further, 23.8% of eligible older inpatients and 34.4% of eligible younger inpatients did not receive any form of prophylaxis measures (pharmacological or mechanical) to prevent VTE. Table 3 displays VTE incidence by use of pharmacological prophylaxis. Approximately 7.3% (48 of 660) of hospitalized patients were not eligible to receive pharmacological prophylaxis due to contraindications (e.g., bleeding tendency, coagulopathy). No significant association was found between having a contraindication to pharmacologi-cal prophylaxis and age group in this study. Pharmacological prophylaxis was used for 69.7% of eligible older inpatients and 57.1% of eligible younger inpatients. The incidence of VTE was significantly higher in patients who did not receive pharmacological prophylaxis (older inpatients p = 0.037, younger inpatients p = 0.002).
VTE Incidence by Risk
Table 4 displays VTE incidence by the level of VTE risk. The overall VTE incidence was 17.1% in older inpatients and 22.7% in younger inpatients (p = 0.104). The level of VTE risk was significantly different among the four age groups (p = 0.008). In univariate analysis, however, the incidence of VTE was not affected by age (p = 0.152). In addition, no statistical difference was found between VTE incidence and the level of risk in each age group. In multivariate analysis, no statistically significant risk factors were associated with developing VTE in older inpatients. However, pharmacological prophylaxis was highly associated with prevention of VTE in older inpatients and all hospitalized inpatients in this study (p < 0.001 for both). Table 5 describes the clinical outcomes, including the incidences of DVT and PE, bleeding after anticoagulation treatment for VTE, and death after diagnosed VTE. The incidence of DVT was not different between older and younger inpatients. However, when age was categorized into four groups, the incidence of DVT was significantly different; inpatients ages 41 to 64 or ages 65 to 79 were more likely to have DVT than other age groups (p = 0.021). Older inpatients were more likely to have DVT in their calf veins/distal extremities (40%) than younger inpatients (24.1%). PE was diagnosed in 8.1% of older inpatients and 14.7% of younger inpatients (p = 0.018).
Clinical Outcomes
All eligible older inpatients with VTE received standard treatment using anticoagulant agents (UFH, LMWH, and/or warfarin). Threemonth follow-up data on bleeding or death were not available in 11.6% (16 of 138) of patients with VTE. Complications such as gastrointestinal bleeding or heparin-induced thrombocytopenia within 3 months after therapeutic anticoagulation were reported in 4.3% (5 of 115) of patients with VTE. Bleeding within 3 months after anticoagulation treatment was reported in 1 older inpatient and 4 younger inpatients. The 3-month mortality rate was 13.9% in the older inpatients and 9.8% in the younger inpatients. Five older inpatients died within 3 months after their VTE was diagnosed: 4 had PE, and 1 had cancer and PE.
DiSCUSSiOn
In this study, we described the use of VTE prevention and clinical outcomes in older hospitalized patients compared with younger inpatients who underwent a diagnostic study to rule out VTE at an academic medical center. The overall incidence of VTE in older inpatients age 65 and older was 17.1%, and the standard prevention methods using anticoagulant agents was used in 69.7% of eligible older inpatients in this study.
VTE Incidence in the Older Adult Population
It is well known that advancing age is an independent and major risk factor for the development and recurrence of VTE (Geerts et al., 2008; Heit, 2006 Heit, , 2008 Heit, Melton, et al., 2001) . Hospital confinement is also an independent risk factor for VTE, in addition to advanced age (Heit, 2008) . The incidence rate (17.1%) of VTE in older hospitalized patients (age 65 and older) in this study was similar to that reported in the literature (Heit, Melton, et al., 2001; Sellier et al., 2008) . Unlike the trends of increasing VTE rate according to advanced age (Heit, Melton, et al., 2001; Stein et al., 2004) , the incidence of VTE was not increased in the oldest age group (age 80 and older) when compared with the next oldest age group (ages 65 to 79) in this study. The oldest age group had more cardiac-related comorbidities than the other age groups. Anticoagulation therapy for patients with cardiac disease (e.g., atrial fibrillation) might prevent potential VTE, although our data have shown that VTE still occurs in patients receiving pharmacological prophylaxis if the dosage was not adequate for preventing VTE.
When compared with the younger group (ages 18 to 64), the incidence of VTE in older inpatients was lower in this study after controlling for covariates in the multivariate analysis. This may be because the two groups varied greatly in size and in underlying conditions such as cancer or previous VTE.
The mean number of VTE risk factors in older inpatients was significantly higher than in younger inpatients in this study. In particular, the oldest age group (age 80 and older) had more limb trauma compared with other age categories. The results were similar to a case-control, prospective, multicenter study conducted to examine independent risk factors for DVT in inpatients age 65 and older (Weill-Engerer et al., 2004) . In the prospective multicenter study, six factors, including immobilization, age 75 and older, history of VTE, acute heart failure, chronic edema of the lower limbs, and paralysis of a lower limb, were identified as being independently related to the development of DVT in older inpatients in 19 geriatric university hospitals with long-intermediate and short-term care facilities (Weill-Engerer et al., 2004) . Another recent multicenter study using a 1day cross-sectional review reported that the independent risk factors in multivariable analyses adjusting for prophylaxis against VTE were age 80 and older, history of VTE, a Katz Index of Independence in Activities of Daily Living score greater than 3, presence of pressure ulcers, and regional or metastatic cancer shown in 812 older patients in 42 post-acute care hospital-based facilities (Sellier et al., 2008) .
In this study, the proportion of calf DVT in distal lower extremities was higher in older inpatients (40%) compared with younger inpatients (24%). The study by Sellier et al. (2008) identified the presence of isolated distal DVTs compared with proximal DVTs in the older patients in post-acute care facilities, respectively 10% versus 4% of those diagnosed with DVTs. PE is underdiagnosed in older patients, while its incidence and risk increases steadily with age, because older patients have nonspecific and atypical presentation of PE (Masotti et al., 2008) . This study showed that PE diagnoses were lower in the older inpatients than the younger inpatients.
VTE Prevention and Management in the Older Adult Population
Despite the availability of evidence-based prevention guidelines for VTE, prophylaxis of VTE has been underused or often inappropriately used for all patients at risk (Cohen et al., 2008; Jaffer et al., 2008; Sellier et al., 2006; Yu et al., 2007) . Very few studies have looked at VTE prevention focusing on the older population. A recent multicenter study (Sellier et al., 2006) was conducted to determine whether a multifaceted intervention, including pharmacological and mechanical prophylaxis, decreased the incidence of DVT in elderly post-acute care patients. The results from Sellier et al.'s (2006) study showed that DVT occurred in 12% of older adults during the preintervention phase and 8% during the postintervention phase (p = 0.002). Of note, there was a significant decrease in calf DVT (7% in preintervention versus 3.6% in postintervention). Sellier et al. (2006) examined the appropriateness of graduated compression stockings in older adults; almost 50% of gradu-kEYPOinTS Lee, J.-A., & Zierler, B.K. (2010) . Prevention and Clinical Outcomes in Older Inpatients with Suspected Venous Thromboembolism. Journal of Gerontological Nursing, 36(4), [40] [41] [42] [43] [44] [45] [46] [47] [48] inappropriately in preintervention and 45% in postintervention phases.
Another study by South, Iveson, and Harbison (2007) reviewed the medical records of inpatients older than age 75 in 10 hospitals and showed that 29% of patients with indications for thromboprophylaxis received some form of prophylaxis. They concluded that thromboprophylaxis was underused in older medical inpatients despite the increased risk of VTE due to advancing age.
In the current study, approximately 30% of eligible older inpatients did not receive pharmacological prophylaxis to prevent VTE, and the incidence of VTE was significantly higher in those without pharmacological prophylaxis compared with those with pharmacological prophylaxis (25.4% versus 13.2%). Mechanical prophylaxis was used in only half of the older patients. Nearly one quarter of the older inpatients in this study did not receive any form of VTE prophylaxis.
Extended postdischarge prophylaxis has been recommended for older patients (age 75 and older) who have major orthopedic surgery (e.g., hip fracture, hip or knee replacement) and those with cancer or a previous history of VTE (Jaffer et al., 2008) . Nutescu et al. (2008) reported that approximately 4% of patients with major orthopedic surgery had DVT at 1 month after discharge. We found that 23 of 28 (82%) older patients with orthopedic surgery received pharmacological prophylaxis, and 7 of 28 (25%) older patients developed VTE during their hospitalization. We did not have postdischarge information on the incidence of VTE in the older inpatients who underwent orthopedic surgery, but they had no evidence of VTE during their hospitalization. Follow-up evaluation for VTE occurrence after hospital discharge is essential because almost one third of all VTE cases in the community occur within 1 month after discharge (Heit, Melton, et al., 2001) . Screening for DVT before hospital discharge is recommended in the most recent ACCP guidelines on VTE prevention (Geerts et al., 2008) .
In addition, stays in a nursing home or other chronic care facility are also considered an independent risk factor for VTE, with an 8-fold increased risk . In this study, more than half of the older inpatients were discharged to skilled nursing homes or other long-term care facilities.
We did not focus on the adequacy of anticoagulation dosing in this study. However, appropriate anticoagulation dosing is important in the prevention of VTE. The 2008 ACCP guidelines recommend that renal function be considered in older patients and those who are at high risk for bleeding. Using a lower dosage of the anticoagulant agent and/or monitoring the drug level are recommended options in this condition (Geerts et al., 2008) .
Clinical Complications After a VTE Event
Bleeding is a complication for anticoagulation for both prophylactic and therapeutic purposes in VTE management in the older adult population (Spyropoulos & Merli, 2006) . Clinicians may be reluctant to order anticoagulant agents for older patients at risk for VTE because they tend to have reduced renal clearance and a hypersensitivity to oral anticoagulant agents. In this study, we identified only 1 patient (age 67) who had a bleeding episode within 3 months after VTE treatment. This particular patient had an underlying bleeding tendency of leucopenia but received anticoagulation treatment for VTE anyway. Few guidelines exist for the use of thromboembolic prevention specifically focused on the older adult population. The ACCP guidelines (Geerts et al., 2008) recommend renal function be considered when making decisions about the use and/or dosage of anticoagulant agents that are cleared by the kidneys, particularly by older patients, with monitoring the drug level.
Mortality after VTE is strongly associated with age, particularly in older patients with PE, cancer, and/or underlying cardiovascular diseases (White, 2003) . This study showed a high mortality rate (13.9%) after VTE in older inpatients, and those patients had PE and cancer or underlying cardiac disease.
LiMiTATiOnS
This study has some limitations due to the study design, which was a descriptive-observational study using retrospective medical chart reviews. First, the quality of information abstracted from the medical records depended on the charting by physicians and nurses, which is often incomplete. Second, data were from an academic medical center, which has a high population of cancer patients, so the results may not be generalizable to other academic medical centers with different kinds of populations. However, this study was conducted to provide evidence of current practices related to VTE prevention in older inpatients and to compare their clinical outcomes with those of younger inpatients.
COnCLUSiOn AnD CLiniCAL iMPLiCATiOnS
This study shows that the incidence of VTE in older inpatients with suspected VTE was not statistically different compared with younger adult inpatients. However, the mortality after VTE was higher in the older inpatients than the younger age groups. This study confirmed the underuse of pharmacological and mechanical prophylaxis for VTE prevention in older adult inpatients.
Health care providers, including nurses, nurse practitioners, physicians, and pharmacists, are involved in the care of older inpatients at risk for VTE. Nurse practitioners working at clinics, long-term facilities, or nursing homes should be aware of the increased risk for VTE in their older clients. Nurses are also responsible for the daily assessment of VTE risks and for ensuring the appropriate use of VTE prevention measures in older patients during their hospitalization. In hospital settings, RNs are part of an interdisciplinary team working to decrease hospital-acquired VTE. They are responsible for assessing patients for VTE risk, ambulating patients to prevent venous stasis, or using mechanical prophylaxis to improve venous flow.
Recent hospitalization is a major risk factor for developing VTE, and thus patients need to be educated about their ongoing risk of developing VTE once they are discharged from the hospital setting. Therefore, nurses are responsible for discharge planning that includes patient education about the risk of VTE. The VTE Safety Toolkit, which was developed in the parent study and disseminated nationally via the AHRQ, provides educational material for patients on the treatment and prevention of VTE.
